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One-Pot Synthesis of 2-(Aryl/Alkyl)amino-3-cyanobenzo[b]-
thiophenes and Their Hetero-Fused Analogues by Pd-Catalyzed
Intramolecular Oxidative C-H Functionalization/Arylthiolation

Bonagiri Saraiah,” Vibha Gautam,® Anand Acharya,’™ Mohamed A. Pasha*®® and

lla Hiriyakkanavar*t®!

Abstract: We have developed a high-yielding synthesis for
substituted 2-(aryl/alkyl)amino-3-cyanobenzo[b]thiophenes and
their hetero-fused analogues by using a palladium-catalyzed
intramolecular oxidative C-H functionalization/arylthiolation re-
action of in situ generated N-(alkyl/aryl)thioamides, prepared

from readily available (hetero)arylacetonitriles and alkyl/aryl iso-
thiocyanates. This protocol was then extended to the synthesis
of amino-substituted benzothieno[2,3-blquinolines by employ-
ing a triflic acid mediated intramolecular cyclocondensation of
the prepared 2-arylamino-3-cyanobenzo[b]thiophenes.

Introduction

Substituted benzo[b]thiophenes are a privileged class of hetero-
cycles because of their presence in both synthetic and naturally
occurring compounds that have a broad range of biological
activity. Selective estrogen receptor modulators (SERMs), acetyl-
CoA carboxylase inhibitors, HIV-1 reverse transcriptase inhibi-
tors, antidepressants, and tubulin polymerization inhibitors!'?
are some examples of the biological properties of compounds
that contain the benzo[b]thiophene moiety. These heterocycles
also serve as core structures to a host of marketed drugs such
as raloxifene, arzoxifene (SERM), and zileuton, a potent and se-
lective inhibitor of 5-lipoxygenase."?! Benzo[b]thiophenes and
their condensed analogues are important structural compo-
nents in the development of optoelectronic materials, including
photovoltaics and field-effect transistors.l'3! Consequently, the
synthesis of functionalized benzo[blthiophenes has been ac-
tively pursued in recent years, and many efficient methods have
been developed.['24-9!

Although some 2/3-aminobenzo[b]thiophenes have at-
tracted considerable interest for their biological and physiologi-
cal effects, these compounds are underdocumented in the liter-
ature.'”” 2-Aminobenzo[b]thiophenes are key intermediates in
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the synthesis of clinically used drugs such as raloxifene and its
analogues,”! and a few 2-amino-3-substituted benzo[blthio-
phenes have been shown to display potent antimitotic and
tubulin polymerization inhibitor'® properties as well as acetyl-
CoA carboxylase 1/2 nonselective inhibitor activity. Similarly, a
number of 3-[(4-pyridinyl)amino]lbenzo[b]thiophenes have been
found to be selective serotonin reuptake inhibitors, which are
useful in the treatment of central nervous system disorders.['?
In view of the biological significance of theses amino-substi-
tuted benzo[b]thiophenes, efficient and general methods for
the synthesis of these compounds are highly desirable.

Those methods that are reported!" for the synthesis of 2/3-
aminobenzo[blthiophenes, however, suffer from various draw-
backs, such as the need of harsh reaction conditions, including
high temperatures, low product yields, unavailable starting
materials, the lack of generality of the reaction, and the low
substituent diversity. 2-Aminobenzo[b]thiophene has been
synthesized in an overall yield of 48 % in five steps from thio-
salicylic acid.l"'® Hopkins and Lee-Ruff, on the other hand, re-
ported the synthesis of substituted 2-(dimethylamino)benzo-
[blthiophenes in two steps by the treatment of lithium diiso-
propylamide (LDA) on substituted benzaldehydes and N,N-di-
methylthioformamide followed by an acid-mediated intramo-
lecular cyclization of the resulting adduct.'?® A Lilly research
laboratory employed this method for the synthesis of a variety
of substituted 2-aminobenzo[b]thiophenes in the development
of raloxifene and its analogues.”2'2b Substituted 5-nitro-2-alk-
ylaminobenzo[blthiophenes have been synthesized in low
yields (4-47 %) by employing a Willgerodt-Kindler reaction be-
tween 2-chloro-5-nitroacetophenone, an alkylamine, and
sulfur.’3a Knochel and co-workers reported two examples of
the synthesis of 2-morphilino- and 2-(diphenylamino)benzo-
[blthiophenes by using a copper(l)-mediated oxidative cross-
coupling reaction of 2-benzothienylzinc reagents with lithium
amides of the corresponding amines.!'™ Yang and co-workers
developed the synthesis of 2-(amino/dimethylamino)benzo-
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(a) X = Br; EWG = CN; Cul (10 mol-%), L-proline (20 mol-%), DMF, 90 °C; 25 examples, 68-93%
(b) X =H; EWG = CN, COAr, CO,R; Pd(OAc), (20 mol-%), Cu(OAc), (1 equiv.), BuyNBr (20 mol-%), DMF, 90 °C;

29 examples, 41-90%

This work:
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VAr.| AAK-N=C=S |\ Ar
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(a) EWG = CN; PdCly(10 mol-%), Cul (0.5 equiv.), TBAB (2 equiv.), DMSO, 90 °C, 5-6 h; 21 examples, 62-88%
(b) triflic acid (4 equiv.), DCE, 140 °C, 18 h; 6 examples, 70-85%

Scheme 1. Synthesis of substituted benzo[b]thiophenes and thieno-fused heterocycles (EWG = electron-withdrawing group, DMSO = dimethyl sulfoxide,

TBAB = tetra-n-butylammonium bromide, DCE = 1,2-dichloroethane).

[blthiophenes in moderate yields by using the palladium-cata-
lyzed C-S coupling of o-halophenylacetonitriles with Na,S,03
as the sulfur source followed by a one-pot intramolecular ther-
mal cyclization of the resulting 2-mercaptophenylacetonitriles
in N,N-dimethylformamide (DMF).2 2-(Disubstituted-amino)-3-
halobenzo[b]thiophenes have also been obtained by the elec-
trophilic cyclization of o-thioanisole-substituted ynamides with
either iodine, N-bromosuccinimide (NBS), or N-chlorosuccinim-
ide (NCS).'"! In a few isolated examples, 2/3-[(alkyl/aryl)-
amino]benzo[b]thiophenes have been synthesized in good
yields by employing the palladium-catalyzed amination of ei-
ther (2/3)-halo-'%*17 or 2-(methylthio)benzo[blthiophenes.!"]

During the course of our ongoing studies of synthetic appli-
cations for organosulfur intermediates,'® we recently described
the efficient one-pot synthesis of substituted benzo[b]thio-
phenes and their hetero-fused analogues by involving a se-
quential base-mediated condensation of substituted 2-
bromo(hetero)arylacetonitriles with a range of dithioesters fol-
lowed by the in situ copper-catalyzed intramolecular C-S aryl-
ation of the resulting thioenolate intermediates (Scheme 1).'?
Subsequently, we reported the one-pot two-step synthesis of
highly functionalized benzo[b]thiophenes and their hetero-
fused analogues by using a palladium-catalyzed oxidative intra-
molecular C-H functionalization/C-S bond formation reaction
of the in situ generated thioenolates (Scheme 1).'"® The utility
of this method was further demonstrated by the high-yielding
synthesis of a raloxifene precursor and tubulin polymerization
inhibitor.'®]

In continuation of these studies, we describe a one-pot
approach for the synthesis of substituted 3-cyano-2-(aryl/
alkyl)aminobenzo[b]thiophenes and their hetero-fused ana-
logues by using the palladium-catalyzed oxidative intramolec-
ular C-H activation/arylthiolation reaction of N-(alkyl/aryl)thio-
amides, generated in situ by a base-mediated condensation of
(hetero)arylacetonitriles  and  alkyl/aryl  isothiocyanates
(Scheme 1). Furthermore, we report the synthesis of amino-
substituted benzothieno[2,3-b]quinolines by employing an
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acid-mediated intramolecular cyclocondensation of these syn-
thesized 3-cyano-2-(aryl/alkyl)aminobenzo[b]thiophenes.

Results and Discussion

Thioanilide 3a, which was obtained from the reaction of 3-
methoxyphenylacetonitrile (1a) and phenyl isothiocyanate (2a)
in the presence of sodium hydride in DMSO, was selected as
the model substrate in the screening of various catalysts to op-
timize the reaction conditions to lead to benzo[b]thiophene 4a
(Table 1). Thus, thioanilide 3a was subjected to the palladium-
catalyzed C-H activation/intramolecular arylthiolation reaction
under our previously reported conditions for the synthesis of 2-
(hetero)aryl-3-cyanobenzo[b]thiophenes, which involved palla-
dium acetate as the catalyst and cupric acetate or oxygen as
the oxidant under various conditions (Table 1).!'®! Benzo[b]thio-
phene 4a, however, was only obtained in moderate yields un-
der these conditions (Table 1, Entries 1-4). Further screenings
of palladium-based catalysts along with various oxidants, sol-
vents, and other changes revealed that the best yields of 4a
were obtained in the presence of PdCl, as the catalyst (20 mol-
%), Cul (1.0 equiv.), and BuyNBr (2 equiv.) as the additive in
DMSO (Table 1, Entry 6). Reducing the catalytic loading to
10 mol-% or the concentration of Cul to 0.5 equiv. did not affect
the yield of 4a (Table 1, Entries 7 and 8). However, the yield of
4a decreased considerably by reducing the concentration of
BuyNBr from 2.0 to 1.0 equiv. (Table 1, Entry 9) and when the
reaction was conducted in the presence of oxygen as the oxi-
dant (Table 1, Entry 10).

Having determined the optimal reaction conditions for the
conversion of thioanilide 3a into 2-anilino-3-cyanobenzo[b]thio-
phene (4a; Table 1, Entry 6), we then developed a two-step
one-pot reaction protocol by generating thioanilide 3a in situ
followed by its direct conversion into benzo[blthiophene 4a.
Thus, when arylacetonitrile 1a and phenyl isothiocyanate 2a
were combined in the presence of NaH in DMSO, followed by

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 1. Optimization studies for the synthesis of benzo[blthiophene 4a from thioanilide 3a.l?!

MeO.
CN NaH.’DMF —Q reaction \©:S—
PhNCS condltlons[a]

1a 4a
Entry Catalyst (mol-%) g’gﬂﬁn}t Additive Solvent  Yield [%]
. (equiv.)
1 Pd(OAc), (20) Cu(OAc); (1.0) - DMF! 55
2 Pd(OAc), (20) Cu(OAc); (1.0) BuyNBr (2.0) DMF 59
3 Pd(OAc), (20) Cu(OAc); (1.0) BuyNBr (2.0) DMSO 64
4 PdCl, (20) Cu(OAc), (1.0) BuyNBr (2.0) DMF 69
5 PdCl, (20) Cul (1.0) BuyNBr (2.0) DMF 78
6 PdCl; (20) Cul (1.0) BusNBr (2.0) DMSO 88
7 PdCl, (10) Cul (1.0) Bu,NBr (2.0) DMSO 86
8 PdCl, (10) Cul(0.5) BuyNBr (2.0) DMSO 86
9 PdCl; (10) Cul(0.5) Bu4NBr (1.0) DMSO 73
10 PdCl,(10) 0, BuyNBr (2.0) DMSO 65

[a] Reagents and conditions: the mixture was heated at 90 °C for 5-6 h. [b] The reaction was carried out at 120 °C.

Table 2. One-pot synthesis of 2-(aryl/alkyl)amino-3-cyanobenzo[b]thiophenes 4.

cN PACl, (10 mol-%),
CN - ATAK | gyl (0.5 equiv.) CN
1 = NaH X NH BuyNBr (2.0 equiv.) X
RIC > > gL —_— Ny nH
Ar/Ak-N=C=S > s 90°C, 5-6 h, Np ‘L o ‘arialk
1 2 3 4

(Y}
&~

Entry 1 Yield [%] Entry 2 4 Yield (%]

r
N N=C=S ™ NC.
MeO. e MeO o\ NC A
1 NH 85 7 2a NH 0
) S @
1a 2a

CN
OMe oN CN ¢l
OMe CN N=C=S A\
3 cl NH
NH 8 2¢ s 74
2 s 82
OMe 1f 4h
OMe OMe CN al
1b 2b 4 OMe Q CN o
cN cN g OO 2 O i ’©f 88
s N
2 1 j H
: /©) z m N ’
F
F
1c OMe

s
N=C=S ™ OMe 2d 4k o
DH—nn cN MeO
5 F s 68 N
MeO N=C=§ NH
12 Moo s 82
ol

2¢ 4e cl MeQ 1h

1c @/\
2e
GN
.
F 2
NCS
1d 4 @ 1 ‘s J"\ Yon 84

©:*f

1i 4n X = H 81
4n’, X =Br 0

[a] Reagents and conditions: A mixture of 1 (1.0 mmol), 2 (1.0 mmol), and NaH (2.0 mmol) in DMSO (5 mL) was stirred at 0 °C under N, for 1 h (progress
monitored by TLC analysis) followed by the addition of PdCl, (10 mol-%), Cul (0.5 mmol), and BusNBr (2.0 mmol). This mixture was then heated at 90 °C for
5-6 h.
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treatment with PdCl, (10 mol-%), Cul (0.5 equiv.), and TBAB With the optimized reaction conditions for the one-pot syn-

(2 equiv.) at 90 °C under N, (progress monitored by TLC), the thesis of 3-cyano-2-(phenylamino)-5-methoxybenzo[b]thio-
reaction reached completion within 5 h to furnish benzo[b]thio- phene (4a) by using the palladium-catalyzed oxidative intra-

phene 4a in a comparable yield of 85 % (Table 2, Entry 1). molecular C-H activation/arylthiolation reaction of thioanilide

@) R o

0) R R

NaH/DMSO NHph| _PICL (10mok%) A
PhNCS Cul (0.5equiv.)y # NHPh

MeO MeO S BuyNBr (2 equiv.) MeO - SOEt

1 R = OF 30: R = Ot o:R=
1k: R=Ph 3p:R=Ph 4p: R=Ph

Scheme 2. Attempted synthesis of 2-arylamino-3-(ethoxycarbonyl/benzoyl)benzo[b]thiophene.

Table 3. Synthesis of substituted hetero-fused thiophene 6.2

PdCl, (10 mok-%),

CN CN
Cul (0.5 equiv.) CN
Hetl NaH/DMSO ‘,,A;;.EK’(NH—AHAK BuyNBr (2.0 equiv.) He‘b—NH
. =C= 4 _—
AN AFIA'K;N'C'S e s 90°C, 56 h, N, VAN~ arak
5 7 6
Entry 5 2 6 Yield [%]
CN
2 [ N NH
1 s s 80
OIVIe
5a 6a OMe
CN
2 5a HiC” O NCS a0 =" 82
s~ s N——CH,
2d 6b
CN
3 2b NTS 72
Me
Mef 5b 6c
CN OMe
N=C=S
4 5b [ 76
N">g
2e Me 6d L@
CN
OO~
5 2b NP~s’ TN o

OMe

| CN N=C=S

S
L0 -

[a] Reagents and conditions: A mixture of 5 (1.0 mmol), 2 (1.0 mmol), and NaH (2.0 mmol) in DMSO (5 mL) was stirred at 0 °C under N, for 1 h (progress
monitored by TLC analysis) followed by the addition of PdCl, (10 mol-%), Cul (0.5 mmol), BusNBr (2.0 mmol). The mixture was then heated at 90 °C for
5-6 h.

PH PH
5d 2a
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3a, we then studied the generality and scope of this approach
and examined the compatibility of the reaction towards differ-
ent substituents at various positions on the benzo[b]thiophene
ring (Table 2). Both electron-donating and electron-withdraw-
ing groups were tolerated on the benzene ring of the various
starting arylacetonitriles to yield the corresponding substituted
benzo[blthiophenes in good yields (Table 2, Entries 1-5 and 12).
However, thioanilides that were derived from arylacetonitriles
1d and 1e, which contain electron-withdrawing fluoro or cyano
groups that are para to the site of cyclization, failed to furnish
any of the desired benzo[b]thiophenes 4f and 4g and yielded
only an intractable mixture of products (Table 2, Entries 6 and
7). In contrast, thioanilides that were derived from 3-chloro-
acetonitrile (1f) easily underwent the palladium-catalyzed intra-
molecular arylthiolation under similar conditions to furnish the
corresponding 5-chloro-substituted benzo[blthiophenes 4h and
4k in good yields (Table 2, Entries 8 and 11). These results are in
agreement with our earlier observations of palladium-catalyzed
oxidative intramolecular arylthiolations of the related dithio-
ates.!"® The corresponding 2-naphthylacetonitrile (1g) also un-
derwent the facile one-pot intramolecular C-H activation/aryl-

CN
NHAr
S
3
Pd!
19)
Pd°
reductive
CN elimination cN
N =
S
4

11
o-bond metathesis

L
9B 13

Eur
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thiolation reaction in the presence of various isothiocyanates
under identical conditions to yield the corresponding 2,3-disub-
stituted naphtho[1,2-blthiophenes 4i, 4j, and 4m in high yields
(Table 2, Entries 9, 10, and 13). The reaction also proceeded
smoothly with various substituted aryl isothiocyanates, such as
2b and 2c, as well as alkyl isothiocyanates, such as ethyl, benzyl,
and tert-butyl isothiocyanates 2d-2f, to form the corresponding
2-alkylaminothiophenes 4k-4n in high yields (Table 2, En-
tries 11-14). Interestingly, the reaction of 2-bromophenylaceto-
nitrile 1i and benzyl isothiocyanate 2e under identical condi-
tions, furnished only benzo[blthiophene 4n, which was formed
by intramolecular cross-coupling, and no trace of the corre-
sponding 4-bromobenzothiophene 4n” was detected in the re-
action mixture (Table 2, Entry 14).

An attempted one-pot intramolecular C-H activation/aryl-
thiolation reaction of the corresponding thioamides 30 and 3p,
which were obtained from ethyl 4-methoxyphenylacetate (1j)
and 2-(4-methoxyphenyl)acetophenone (1k), respectively, un-
der identical conditions, did not afford the desired 2-arylamino-
3-ethoxycarbonyl- or -3-benzoylthiophenes 40 and 4p but
yielded only complex mixtures of products (Scheme 2).

CN

CN
X NHAT NHAr
pd> S
L llad"
A L
9B
—HL

NHA|

NG, N PN H
>_< phfkl//N NC N NC N
A ? — 5 #» >—</ :@ _— >=<
Pd “Pd Ar S Ar S
|
L

14A 14B

Scheme 3. Plausible mechanism for the formation of 2-aminobenzo[b]thiophenes 4 from thioanilides 3.
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With the successful implementation of the present method
towards the synthesis of 2-(aryl/alkyl)lamino-3-cyanobenzo-
[blthiophenes (Table 2), we next extended this catalytic intra-
molecular C-H activation/arylthiolation protocol towards the
synthesis of the corresponding (aryl/alkyl)amino-substituted
hetero-fused thiophenes (Table 3). The intramolecular catalytic
C-H activation/(hetero)arylthiolation, amination, and oxygen-
ation of aromatic heterocycles have rarely been investigated./?
Thus, when thioanilides 7, which were generated in situ from a
few selected (hetero)arylacetonitriles such as 3-thienyl-, 3-ind-
olyl-, 3-pyridyl-, and 5-pyrazolylacetonitriles 5a-5d and various
isothiocyanates, were subjected to the one-pot palladium-cata-
lyzed intramolecular C-H activation/(hetero)arylthiolation reac-
tion under the optimized conditions (Table 2), the correspond-
ing (aryl/alkyl)amino- and cyano-substituted hetero-fused thio-
phenes, including thieno[2,3-b]thiophenes 6a and 6b, thieno-
[2,3-blindoles 6¢ and 6d, thieno[2,3-b]pyridines 6e and 6f, and
thieno[3,2-c]pyrazole 6g were obtained in good yields (Table 3,
Entries 1-7).

On the basis of these experimental studies, a plausible reac-
tion pathway for the formation of benzo[b]thiophenes 4 from
the thioanilides 3 is shown in Scheme 3. The reaction is initiated
by the coordination of the sulfur atom to the Pd" atom to lead
to the formation of Pd" complexes 8 and 9 followed by an
electrophilic palladation to furnish palladacycle 10. The subse-
quent reductive elimination of 10 leads to the formation of
benzo[b]thiophene 4 and a Pd® species, which is reoxidized in
the presence of copper iodide and Bu,NBr (Scheme 3).'%al An
electrophilic aromatic palladation mechanism is preferred over
a o0-bond metathesis or base-assisted deprotonative metalation
(to give intermediates 11 and 12, respectively)"*"! because of
the electronic effects observed in the reaction. For example, the
thioanilides that were derived from arylacetonitriles 1d and 1e,
in which there is an electron-withdrawing group (X = F, CN)
para to the site of the cyclization, failed to furnish benzo[b]thio-
phenes 4f and 4g, respectively (Table 2, Entries 6 and 7).'"
Interestingly, the formation of benzothiazoles 14 by an alterna-
tive pathway, which proceeds through an intramolecular aryl-
thiolation of Pd complex 9B onto the aromatic ring of the anil-
ide through palladacycle 13, was not observed. We are investi-
gating alternate reaction conditions for the synthesis of 14 from
anilides 3 (Scheme 3).

Having accomplished the high-yielding synthesis of various
substituted 2-arylamino-3-cyanobenzo[b]thiophenes 4 and
their hetero-fused analogues 6, we next considered to utilize
benzo[b]thiophenes 4 as precursors in the synthesis of substi-
tuted 11-aminobenzothieno[2,3-b]quinolines 15 through an
acid-mediated intramolecular cyclocondensation reaction
(Table 4). Surprisingly, literature examples for this heterocyclic
ring system are rare,'2>2" and the corresponding 11-amino-
benzothieno[2,3-blquinolines are not reported in the literature.
These compounds are of pharmaceutical interest as they are
thia isosteres of cryptotackiene and ellipticine.?'® A few of the
11-phenylbenzothieno(2,3-b]quinolines have been synthesized
in low yields through a cascade radical reaction of 2-alkynyl-
substituted aryl radicals with aryl isothiocyanates and the for-
mation of an a-(arylaminosulfanyl)imidoyl radical as an interme-
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diate.?'? In an isolated example, 7,8,9,10-tetrafluorobenzo-
thieno[2,3-b]lquinoline has been synthesized by the acid-
catalyzed cyclocondensation of 2-aminobenzo[blthiophene
with pentafluorobenzaldehyde. Unfortunately, its NMR spectra
was not recorded because of its insolubility in various sol-
vents.21b!

Table 4. Synthesis of amino-substituted (benzo/hetero)-fused thieno-
[2,3-blquinolines 15a-15f.2)

CN
triflic acid (4 equiv.) (A ’ o \
. r
;’E‘:‘) | N NH 140 °C, 18 h /
" (Ar
R Ar
4o0r6
Entry 4orb6 15 Yield [%]
MeO
o Q N,
O
1 85
x
T 0
S S N/
4a 15a
NH,

4c OMe  poo 15b
NH,
CN
M
¥ Meo O S OMe g0
N NH S P
g N
4d cl 15¢
NH,
CN F cl
a @ ‘\ 7
N—NH NS
F S
e 15d

»
Q
:

[a] Reagents and conditions: A mixture of 4 or 6 (1.0 equiv.) and triflic acid
(4.0 equiv.) in DCE (5 mL) was heated at 140 °C for 18 h.

We therefore subjected the 2-anilino-3-cyanobenzothio-
phene 4a to the intramolecular cyclocondensation reaction in
the presence of triflic acid at a higher temperature, which af-
forded the corresponding 2-methoxy-11-aminobenzothieno-
[2,3-b]quinoline 15a in 85 % yield (Table 4, Entry 1). Similarly,
the corresponding substituted analogues 15b-15d, naphtho-
fused 7-amino-9-methoxythieno[2,3-b]quinoline 15e, and 10-
amino-1,3-diphenyl-1H-pyrazolo[3’4":4,5]thieno[2,3-b]quinoline
(15f) were also synthesized in high yields from the respec-
tive substituted 2-anilino-3-cyanobenzo[b]thiophene 4c-4e,
naphtho[1,2-blthiophene 4j, and 5-anilino-[1H]thieno[3,2-c]-
pyrazole 6g (Table 4).2%
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Conclusions

We have developed an efficient, highly regioselective, one-pot
route towards substituted 2-(aryl/alkyl)amino-3-cyanobenzo-
[blthiophenes and the corresponding hetero-fused analogues
by using a palladium-catalyzed oxidative intramolecular C-H
functionalization/arylthiolation reaction of the in situ generated
N-(aryl/alkyl)thioamides from readily accessible precursors. Un-
like previous aminobenzothiophene syntheses,!?! this protocol
does not require precursors with 2-halo substituents or involve
intramolecular cross-coupling reactions. Furthermore, this cata-
lytic intramolecular C-H functionalization/arylthiolation ap-
proach can be extended towards the synthesis of (aryl/alkyl)-
amino-substituted thieno-fused heterocycles from N-substi-
tuted thioanilides derived from (hetero)arylacetonitriles. There
are notably very few examples in the literature of intramolec-
ular C-H activation/C-heteroatom bond formations to give five-
or six-membered heterocycles and lead to fused heterocy-
cles.['™ In addition, we reported the synthesis of 11-amino-
benzothieno[2,3-blquinolines in good yields by using an acid-
mediated intramolecular cyclocondensation reaction of the 2-
anilino-3-cyanobenzo[b]thiophenes 4. Although there are few
reports of their synthesis, these substituted benzothieno[2,3-
blquinolines are of pharmaceutical interest. Further work is un-
derway in our laboratory to extend this intramolecular C-H acti-
vation/heterocyclization method to other ring systems.

Experimental Section

General Information: All reagents were purchased from commer-
cial suppliers and used without further purification. Solvents were
dried according to standard procedures. The progress of all of the
reactions was monitored by thin layer chromatography with stan-
dard TLC silica gel plates, and the developed plates were visualized
under UV light. Column chromatography was performed on silica
gel (100-200 mesh). The NMR spectroscopic data were recorded
with a 400 MHz FT-NMR spectrometer, and CDCl;, [Dg]DMSO, or
CD;0D was used as the solvent. Chemical shifts (9) are reported in
ppm, and the signal of the residual protio solvent was used as the
internal standard for "TH NMR (0 = 7.26 ppm for CHCl5, 6 = 2.50 ppm
for (CD,H)(CD5)SO, and 6 = 3.31 ppm for CD,HOD). The deuterated
solvent signal was used as the internal standard for '3C NMR (6 =
77.16 ppm for CDCl3, 6 = 39.52 ppm for [Dg]DMSO, and 6 =
49.15 ppm for CD;0D). Coupling constants (J) are reported in Hertz.
Splitting patterns are abbreviated as s (singlet), d (doublet), t
(triplet), g (quartet), dd (double of doublets), dt (doublet of triplets),
td (triplet of doublets), m (multiplet), and br. (broad). Infrared spec-
tra of neat samples were recorded in the ATR (attenuated total re-
flectance) mode by using an FTIR instrument, and HRMS data were
acquired with a Q-TOF spectrometer. Melting points were recorded
with an electrothermal capillary melting-point apparatus. All of the
required (hetero)arylacetonitriles 1a-1i'“! and isothiocyanates 2a—
2f123] were prepared according to reported procedures.

Procedure for the Synthesis of 2-Cyano-2-(3-methoxyphenyl)-
N-phenylethanethioamide (3a): To a stirred suspension of NaH
(60 % suspension in mineral oil, 80 mg, 2.0 mmol) in DMSO (5 mL)
at 0 °C was added a solution of 3-(methoxyphenyl)acetonitrile (1a;
147 mg, 1.0 mmol) in dry DMSO (3 mL). After stirring for 10 min, a
solution of phenyl isothiocyanate (2a; 135 mg, 1.0 mmol) in DMSO
(2 mL) was added at 0 °C. The reaction mixture was stirred at room
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temperature for 1 h (progress monitored by TLC analysis) and then
diluted with a saturated NH,Cl solution (25 mL). The resulting mix-
ture was extracted with EtOAc (3 X 25 mL), and the combined or-
ganic layers were washed with water (3 x 25 mL) and brine (2 x
25 mL) and then dried with Na,SO,. After filtration, the filtrate was
concentrated under reduced pressure. The crude product was puri-
fied by column chromatography on silica gel (EtOAc/hexane) to give
pure 3a (245 mg, 87 % yield) as a pale yellow semisolid. R; = 0.3
(EtOAc/hexane, 3:7) "H NMR (400 MHz, CDCl3): 0 = 8.77 (br. s, 1 H),
7.55(d, J=7.6 Hz, 2 H), 7.42-7.36 (m, 3 H), 7.29 (d, J = 7.2 Hz, 1 H),
7.32 (s, 1 H), 3.84 (s, 3 H) ppm. 3C NMR (100 MHz, CDCl5): 6 = 191.0,
160.8, 138.0, 133.0, 131.1, 129.3, 127.8, 123.7, 121.6, 120.0, 117.1,
115.5, 113.7, 55.6, 55.1 ppm. IR (neat): ¥ = 3324, 1563, 1421, 1103,
748 cm~'. HRMS (ESI): caled. for C;gHisN,0S [M + HI* 283.0905;
found 283.0885.

Procedure for the Palladium-Catalyzed Intramolecular Oxid-
ative C-H Functionalization/Arylthiolation of Thioanilide 3a.
Synthesis of 5-Methoxy-2-(phenylamino)benzo[b]thiophene-3-
carbonitrile (4a): To a solution of 3a (282 mg, 1.0 mmol) in dry
DMSO (6 mL) were added PdCl, (18 mg, 0.1 mmol), Cul (95 mg,
0.5 equiv.), and BuyNBr (644 mg, 2.0 mmol), and the reaction mix-
ture was heated at 90 °C while it was continuously stirred for 5 h
(progress monitored by TLC analysis). The reaction mixture was di-
luted with a saturated NH,Cl solution (25 mL), and the resulting
mixture was extracted with EtOAc (3 x 25 mL). The combined or-
ganic layers were washed with water (3 x 25 mL) and brine (2 x
25 mL) and then dried with Na,SO,. After filtration, the filtrate was
concentrated under reduced pressure. The crude product was puri-
fied by column chromatography on silica gel (EtOAc/hexane) to give
the pure benzo[b]thiophene (246 mg, 88 % yield) as a pale orange
solid; m.p. 181-183 °C. R; = 0.5 (EtOAc/hexane, 3:7). "H NMR
(400 MHz, CDCl3): 6 = 7.43-7.39 (m, 3 H), 7.35-7.33 (m, 2 H), 7.27
(br.s, 1 H), 722-7.18 (m, 1 H), 7.08 (d, J = 2.4 Hz, 1 H), 6.84 (dd, J =
8.0, 4.0 Hz, 1 H), 3.88 (s, 3 H) ppm. '3C NMR (100 MHz, CDCl5): 6 =
161.6, 159.1, 140.1, 137.9, 129.9, 125.1, 122.8, 120.9, 120.2, 115.5,
113.1, 103.1, 55.8 ppm. IR (neat): ¥ = 3251, 2198, 1545, 1451, 1293,
758 ¢cm~'. HRMS (ESI): calcd. for CqgHi3N,OS [M + HI* 281.0749;
found 281.0745.

General One-Pot Procedure for the Synthesis of Substituted 2-
[(Aryl/alkyl)amino]benzo[blthiophenes 4a-4n and Hetero-
Fused Thiophenes 6a-6g: To a stirred suspension of NaH (60 %
suspension in mineral oil; 40 mg, 2.0 mmol) in DMSO (2 mL) at 0 °C
was added dropwise the corresponding (hetero)arylacetonitrile 1a-
1i (1.0 mmol) in DMSO (2 mL). After stirring for 10 min, a solution
of the corresponding phenyl isothiocyanate 2a-2f (135 mg,
1.0 mmol) in DMSO (2 mL) was added to the reaction mixture at
0 °C, and the mixture was stirred at ambient temperature for 1 h.
To the reaction mixture were added PdCl, (18 mg, 0.1 mmol), Cul
(95 mg, 0.5 mmol), and BuyNBr (644 mg, 2.0 mmol), and the reac-
tion mixture was heated at 90 °C and continuously stirred for 5-6 h
(progress monitored by TLC analysis). The reaction mixture was di-
luted with a saturated NH4Cl solution (25 mL), and the resulting
mixture was extracted with EtOAc (3 x 25 mL). The combined or-
ganic layers were washed with water (3 x 25 mL) and brine (2 x
25 mL) and then dried with Na,SO,. After filtration, the filtrate was
concentrated under reduced pressure to give the crude product,
which was purified by column chromatography on silica gel (EtOAc/
hexane) to give the pure product.

4,7-Dimethoxy-2-[(4-methoxyphenyl)amino]benzo[b]thio-
phene-3-carbonitrile (4b): Brown solid (279 mg, 82 % yield); m.p.
143-145 °C. Re = 0.62 (EtOAc/hexane, 2:3). "H NMR (400 MHz, CDCls):
0 =728(d, J=8.0Hz 2H), 695 (br.s, 1 H), 693 (d, J =80 Hz 2
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H), 6.72 (d, J = 8.0 Hz, 1 H), 6.56 (d, J = 1.2 Hz, 1 H), 3.92 (s, 3 H),
3.86 (s, 3 H), 3.83 (s, 3 H) ppm. '3C NMR (100 MHz, CDCl3): = 163.3,
157.9, 148.3, 147.4, 133.1, 127.6, 124.3, 1239, 118.1, 116.6, 115.2,
114.6, 107.8, 103.9, 80.7, 56.7, 56.1, 55.7 ppm. IR (neat): V¥ = 3242,
2201, 1548, 1496, 1244, 774 cm~'. HRMS (ESI): calcd. for
CrsH16N505S [M + HI* 341.0960; found 341.0955.

6-Fluoro-2-(phenylamino)benzo[b]thiophene-3-carbonitrile
(4c): White solid (177 mg, 66 % yield); m.p. 174-176 °C. R; = 0.48
(EtOAc/hexane, 1:4). "H NMR (400 MHz, [Dg]DMSO): 6 = 10.2 (s, 1
H), 7.77 (dd, J = 8.0, 4.0 Hz, 1 H), 7.47 (dd, J = 4.0, 4.0 Hz, 2 H), 7.43-
7.38 (m, 4 H), 7.27 (dt, J = 12.0, 4.0 Hz, 2 H), 7.18-7.15 (m, 1 H) ppm.
13C NMR (100 MHz, CDCl3): 6 = 161.1, 160.3, 158.7, 140.0, 132.8,
130.1, 130.0, 125.5, 120.9, 120.8, 120.4, 115.1, 114.8, 114.5, 109.0,
108.7, 83.5 ppm. IR (neat): ¥ = 3243, 2208, 1568, 1471, 1252,
750 cm~'. HRMS (ESI): calcd. for C;5H;oFN,S [M + H]* 269.0549;
found 269.0550.

2-[(4-Methoxyphenyl)amino]-5-methoxybenzo[b]thiophene-3-
carbonitrile (4d): Yellow solid (254 mg, 82 % yield); m.p. 181-
183 °C. R¢ = 0.46 (EtOAc/hexane, 2:8). "TH NMR (400 MHz, [Dg]DMSO):
0 =10.01 (br. s, 1 H), 7.59 (d, J = 8.68 Hz, 1 H), 7.32 (d, J = 8.8 Hz,
2 H), 698 (d, J=88Hz 2H),6.89(d, J=24Hz 1H),6.81(dd, J=
8.4, 2.4 Hz, 1 H), 3.81 (s, 3 H), 3.77 (s, 3 H) ppm. '3C NMR (100 MHz,
[Dg]DMSO): 6 = 163.9, 158.4, 156.9, 138.7, 133.8, 128.2, 123.8, 123.3,
119.7, 115.2, 114.6, 111.5, 102.0, 79.9, 55.3 ppm. IR (neat): ¥ = 3240,
2205, 1598, 1514, 1263, 828 cm~'. HRMS (ESI): calcd. for
Cy7H14N,0,5 [M + HI* 311.0854; found 311.0843.

2-[(4-Chlorophenyl)amino]-6-fluorobenzo[blthiophene-3-
carbonitrile (4e): White solid (205 mg, 68 % yield); m.p. 203-205 °C.
Rs = 0.49 (EtOAc/hexane, 2:8). "H NMR (400 MHz, [Dg]DMSO): 6 =
10.31 (br. s, 1 H), 7.79 (dd, J = 9.2, 2.4 Hz, 1 H), 7.49 (dd, J = 8.8,
5.2 Hz, 1 H), 7.45 (d, J = 8.8 Hz, 2 H), 7.39 (d, / = 8.8 Hz, 2 H), 7.29
(td, J = 84, 2.4 Hz, 1 H) ppm. '*C NMR (100 MHz, [Dg]DMSO): 6 =
160.2, 159.8, 157.8, 139.8, 133.3, 130.0, 129.9, 129.3, 127.9, 121.7,
120.2, 120.1, 114.6, 114.5, 114.2, 109.7, 109.4, 83.0 ppm. IR (neat):
¥ = 3250, 2213, 1567, 1477, 1254, 838 cm™'. HRMS (ESI): calcd. for
C;5HgCIFN,S [M + H]* 303.0159; found 303.0155.

5-Chloro-2-[(4-chlorophenyl)amino]lbenzo[blthiophene-3-
carbonitrile (4h): Off-white solid (235 mg, 74 % yield); m.p. 207-
209 °C. R¢ = 0.6 (EtOAc/hexane, 3:7). "H NMR (400 MHz, [Dg]DMSO):
0 =10.47 (s, 1 H), 7.85 (d, J = 8.0 Hz, 1 H), 7.48-7.46 (m, 2 H), 7.44-
741 (m, 3 H), 7.30 (dd, J = 9.0 Hz, J = 4.0 Hz, 1 H) ppm. *3C NMR
(100 MHz, [DgIDMSO): 6 = 161.9, 139.5, 138.5, 131.3, 129.4, 128.6,
127.2,124.4,123.5,122.5,117.9, 114.3, 82.0 ppm. IR (neat): ¥ = 3255,
2209, 1558, 1493, 1293, 758 cm™'. HRMS (ESI): calcd. for C;5HoN,S
[M + H]* 318.9863; found 318.9860.

2-[(4-Chlorophenyl)amino]lnaphthol1,2-b]thiophene-3-carbo-
nitrile (4i): White solid (294 mg, 88 % yield); m.p. 220-222 °C. R =
0.7 (EtOAc/hexane, 1:9). 'TH NMR (400 MHz, CDCl3): 6 = 10.35 (s, 1
H), 8.02 (d, J=8.0Hz 1 H), 796 (d, J = 8.0 Hz, 1 H), 791 (d, J =
8.0 Hz, 1 H), 7.65 (d, J = 8.0 Hz, 1 H), 7.54-7.50 (m, 1 H), 7.48-743
(m, 1T H) ppm. 3C NMR (100 MHz, CDCl5): 6 = 159.2, 140.3, 134.7,
130.2, 129.6, 129.3, 127.9, 127.7, 127.4, 125.6, 124.2, 122.6, 121.6,
118.3, 114.8, 86.2 ppm. IR (neat): ¥ = 3249, 2212, 1562, 1494, 1088,
739 cm'. HRMS (ESI): calcd. for CqgH;7N,0,S [M + HI* 335.0410;
found 335.0410.

2-[(4-Methoxyphenyl)amino]lnaphtho[1,2-b]lthiophene-3-carbo-
nitrile (4j): Off-white solid (277 mg, 84 % yield); m.p. 196-198 °C.
R = 0.7 (EtOAc/hexane, 1:9). 'TH NMR (400 MHz, [Dg]DMSO): & =
10.12 (s, 1 H), 7.98 (d, /= 8.0 Hz, 1 H), 7.91 (d, J = 8.8 Hz, 1 H), 7.82
(d, J=8.0Hz 1 H),759(d,J=84Hz 1H),755(d,J=72Hz1
H), 7.49-7.45 (m, 1 H), 7.39 (d, / = 8.8 Hz, 2 H), 7.02 (d, J = 8.8 Hz,
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2 H), 3.80 (s, 3 H) ppm. '3C NMR (100 MHz, [Dg]DMSO): 6 = 162.2,
156.9, 135.2, 134.1, 129.7, 129.0, 127.6, 127.5, 127.0, 124.9, 123.6,
122.7,122.2, 117.9, 114.8, 82.0, 55.3 ppm. IR (neat): ¥ = 3271, 2198,
1557, 1445, 1246, 1035, 798 cm-'. HRMS (ESI): calcd. for
CigH17N>0,S [M + HI* 331.0905; found 331.0905.

5-Chloro-2-(ethylamino)benzo[b]thiophene-3-carbonitrile (4k):
Off-white solid (146 mg, 62 % yield); m.p. 210-212 °C. Rf = 0.6
(EtOAc/hexane, 1:9). "H NMR (400 MHz, CDCl): 6 = 7.46 (d, J =
1.6 Hz, 1 H), 743 (d, J = 84 Hz, 1 H), 7.09 (dd, J = 8.4, 2.0 Hz, 1 H),
5.49 (s, 1 H), 3.43-3.36 (m, 2 H), 1.38 (t, J = 7.2 Hz, 3 H) ppm. '3C
NMR (100 MHz, CDCl3): 6 = 166.4, 139.3, 132.6, 126.6, 122.9, 122.8,
119.1, 115.5, 42.8, 14.8 ppm. IR (neat): ¥ = 3263, 2196, 1557, 1414,
787 cm™'. HRMS (ESI): caled. for Cy1HqoCINLS [M + HI* 237.0253;
found 237.0240.

2-(Benzylamino)-5,6-dimethoxybenzo[b]thiophene-3-carbo-
nitrile (41): Yellow solid (265 mg, 82 % yield); m.p. 152-154 °C. R; =
0.6 (EtOAc/hexane, 3:7). 'TH NMR (400 MHz, [Dg]DMSO): 6 = 8.59 (t,
J=28.0Hz, 1H),737-734 (m, 5 H), 7.29-7.25 (m, 1 H), 6.83 (s, 1 H),
4.49 (d, J = 6.0 Hz, 2 H), 3.79 (s, 3 H), 3.71 (5, 3 H) ppm. "3C NMR
(100 MHz, [DcIDMSO): 6 = 164.3, 148.8, 145.8, 137.8, 130.8, 128.4,
127.3,119.1,116.2, 106.2, 101.2, 76.1, 56.0, 55.6, 49.7 ppm. IR (neat):
¥ = 3276, 2193, 1573, 1403, 1253, 771 cm~". HRMS (ESI): calcd. for
CygH17N20,5S M + HI* 325.1011; found 325.1006.

2-(tert-Butylamino)naphtho[1,2-blthiophene-3-carbonitrile
(4m): Pale yellow solid (235 mg, 84 % yield); m.p. 147-149 °C. R; =
0.7 (EtOAc/hexane, 1:4). "H NMR (400 MHz, CDCl5): 6 = 7.87 (d, J =
80 Hz 1H),784(d J=80Hz 1H),776 (d, J=84Hz 1H) 763
(d, J=8.4Hz 1H),7.55-7.51 (m, 1 H), 7.45-7.41 (m, 1 H), 5.24 (s, 1
H), 1.54 (s, 9 H) ppm. 3C NMR (100 MHz, CDCl5): 6 = 161.7, 134.4,
130.2, 129.3, 128.3, 127.2, 127.0, 125.1, 124.8, 122.2, 118.7, 116.0,
83.8, 54.5, 29.3 ppm. IR (neat): ¥ = 3302, 2199, 1539, 1445, 1200,
744 cm™'. HRMS (ES): calcd. for C;7H;5N5S [M + HI* 281.1112; found
281.1104.

2-(Benzylamino)benzo[b]thiophene-3-carbonitrile (4n): Off-
white solid (214 mg, 81 % yield); m.p. 165-167 °C. R; = 0.6 (EtOAc/
hexane, 1:4). "H NMR (400 MHz, [Dg]DMSO): 6 = 8.88 (t, J = 4.0 Hz,
1H),7.68 (d, J=8.0 Hz, 1 H), 7.40-7.34 (m, 4 H), 7.33-7.26 (m, 3 H),
7.12-7.09 (m, 1 H), 4.54 (d, J = 4.0 Hz, 2 H) ppm. "3C NMR (100 MHz,
CDCl3): 6 = 127.3, 100.0, 98.7, 91.5, 91.2, 90.9, 90.2, 88.6, 85.2, 84.3,
81.9, 78.2, 14.0 ppm. IR (neat): ¥ = 3271, 2195, 1567, 1415, 1350,
745 cm™'. HRMS (ESI): calcd. for C;¢H;5N5S [M + HI* 265.0799; found
265.0791.

2-[(4-Methoxyphenyl)aminolthieno[2,3-b]thiophene-3-carbo-
nitrile (6a): Off-white solid (229 mg, 80 % yield); m.p. 153-155 °C.
Rs = 0.7 (EtOAc/hexane, 1:4). "H NMR (400 MHz, CDCl5): 6 = 7.35 (d,
J=52Hz, 1H),722(d,J=88Hz 2H),715(d, J=52Hz 1H),
6.92 (d, J = 8.8 Hz, 2 H), 6.73 (br. s, 1 H), 3.83 (s, 3 H) ppm. '3C NMR
(100 MHz, CDCl5): 6 = 165.0, 157.6, 141.8, 133.7, 128.2, 123.0, 118.8,
115.5, 115.2, 82.2, 55.7 ppm. IR (neat): ¥ = 3229, 2209, 1549, 1504,
1242, 709 cm~'. HRMS (ESI): calcd. for C;4H;;N,0S5 [M + HI*
287.0313; found 287.0290.

2-(Ethylamino)thieno[2,3-b]thiophene-3-carbonitrile (6b): Off-
white solid (170 mg, 82 % yield); m.p. 158-160 °C. R¢ = 0.72 (EtOAc/
hexane, 1:4). "TH NMR (400 MHz, CDCl5): 6 = 7.32 (d, J = 8.0 Hz, 1
H), 7.09 (d, J = 5.2 Hz, 1 H), 4.99 (br. s, 1 H), 3.36-3.29 (m, 2 H), 1.36
(t, J=7.2 Hz, 3 H) ppm. "*C NMR (100 MHz, CDCl5): 6 = 168.5, 142.5,
127.9,120.2, 118.7, 116.2, 42.6, 14.8 ppm. IR (neat): ¥ = 3281, 2194,
1557, 1328, 1079, 735 cm™'. HRMS (ESI): calcd. for CgHgN,S, [M +
H]* 209.0207; found 209.0205.

2-[(4-Methoxyphenyl)amino]-8-methyl-8H-thieno[2,3-blindole-
3-carbonitrile (6c): Off-white solid (240 mg, 72 % yield); m.p. 137-
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139 °C. R¢ = 0.6 (EtOAc/hexane, 3:7). "H NMR (400 MHz, CDCl5): 6 =
7.93 (d, J=7.6 Hz, 1 H), 7.36-7.29 (m, 2 H), 7.22 (t, ] = 7.6 Hz, 1 H),
7.10 (d, J = 8.4 Hz, 2 H), 6.89 (d, J = 8.8 Hz, 2 H), 6.25 (br. s, 1 H),
3.81 (s, 3 H), 3.78 (s, 3 H) ppm. ">*C NMR (100 MHz, CDCl5): = 154.9,
154.5, 140.6, 136.8, 132.3, 122.1, 120.0, 119.7, 119.2, 117.4, 115.5,
115.0, 114.8, 110.3, 55.3, 32.1 ppm. IR (neat): ¥ = 3310, 2195, 1506,
1295, 1037, 733 cm™". HRMS (ESI): calcd. for C;oH;6N5OS [M + HI*
334.1014; found 334.0999.

2-(Benzylamino)-8-methyl-8H-thieno[2,3-blindole-3-carbo-
nitrile (6d): Pale yellow solid (241 mg, 76 % yield); m.p. 207-209 °C.
R¢ = 0.6 (EtOAc/hexane, 1:4). "H NMR (400 MHz, CDCl3): 0 = 8.16 (t,
J=6.0Hz 1H),762(d, J=76Hz 1H),750(d, J=284Hz 1H),
742 (d,J=72Hz 1 H), 737 (t,J=8.0Hz 2 H), 727 (t, ) = 7.2 Hz,
1H),723-719 (m, 1 H), 7.11 (t, J = 7.2 Hz, 1 H), 4.50 (d, J = 6.0 Hz,
2 H), 3.76 (s, 3 H) ppm. ™>*C NMR (100 MHz, CDCl3): 0 = 161.3, 140.2,
138.2, 128.5, 127.3, 121.4, 119.8, 119.2, 117.1, 116.8, 115.5, 110.2,
73.7,50.0, 31.9 ppm. IR (neat): ¥ = 3297, 2190, 1557, 1320, 758 cm~".
HRMS (ESI): calcd. for C1oH6N3S [M + HI* 318.1065; found 318.1058.

2-[(4-Methoxyphenyl)amino]thieno[2,3-b]pyridine-3-carbo-
nitrile (6e): Brown solid (180 mg, 64 % yield); m.p. 187-189 °C. R; =
0.6 (EtOAc/hexane, 2:3). "H NMR (400 MHz, CDCl3): 6 = 8.31 (dd, J =
4.8, 1.6 Hz, 1 H), 7.76 (dd, J = 8.0, 1.6 Hz, 1 H), 7.31-7.28 (m, 3 H),
7.18 (br. s, 1 H), 6.96 (d, J = 8.8 Hz, 2 H), 3.85 (s, 3 H) ppm. '3C NMR
(100 MHz, CDCl3): 6 = 163.0, 158.6, 152.1, 144.9, 132.3, 131.9, 126.3,
124.7, 121.3, 115.3, 114.9, 78.4, 55.7 ppm. IR (neat): ¥ = 3216, 2925,
2206, 1546, 1403, 1248, 790 cm™~". HRMS (ESI): calcd. for C;5H;,N50S
[M + H]* 282.0701; found 282.0699.

2-(tert-Butylamino)thieno[2,3-b]pyridine-3-carbonitrile (6f):
Off-white solid (155 mg, 67 % yield); m.p. 113-115 °C. R; = 0.6
(EtOAc/hexane, 3:7). 'TH NMR (400 MHz, [Dg]DMSO): 6 = 8.26 (dd,
J=48,16Hz 1H), 788 (br.s, 1H),769 (dd, J=8.0, 1.2 Hz, 1 H),
7.36 (dd, J = 8.0, 4.8 Hz, 1 H), 1.45 (s, 9 H) ppm. '3C NMR (100 MHz,
[DgIDMSO): 6 = 160.8, 151.6, 143.6, 131.7, 124.9, 121.3, 115.4, 75.4,
54.1, 28.5 ppm. IR (neat): ¥ = 3342, 2922, 2188, 1538, 1407, 787 cm~
1. HRMS (ESI): calcd. for C;5H,4N3S [M + H]* 232.0908; found
232.0902.

1,3-Diphenyl-5-(phenylamino)-1H-thieno[3,2-c]lpyrazole-6-
carbonitrile (6g): White solid (302 mg, 77 % yield); m.p. 241-
243 °C. R¢ = 0.6 (EtOAc/hexane, 1:4). "H NMR (400 MHz, [D]DMSO):
0=1033(s, 1H), 776 (t, J = 7.2 Hz, 4 H), 7.60 (t, J = 8.0 Hz, 2 H),
7.53-7.47 (m, 3 H), 7.45-7.40 (m, 5 H), 7.22-7.18 (m, 1 H) ppm. '3C
NMR (100 MHz, [Dg]DMSO): 6 = 167.6, 142.9, 141.6, 140.4, 1384,
130.9, 129.6, 129.1, 128.6, 128.0, 125.4, 124.7, 123.6, 120.7, 113.5,
105.4, 74.7 ppm. IR (neat): ¥ = 3258, 2209, 1559, 1497, 758 cm™".
HRMS (ESI): caled. for Co4H17N4S [M + HI* 393.1174; found 393.1164.

General Procedure for the Synthesis of 11-Aminobenzo-
thieno[2,3-blquinolines by Acid-Mediated Intramolecular Cyclo-
condensation. Preparation of 15a-15f: To a solution of
benzo[b]thiophenes 4 or 6 (1.0 mmol) in DCE (5 mL), was added
triflic acid (0.35 mL, 4.0 mmol) under nitrogen. The reaction mixture
was heated at 140 °C for 18 h, then cooled. The excess amount of
triflic acid was neutralized by the addition of a saturated solution
of NaHCO3. The reaction mixture was diluted with a saturated NH,Cl
solution (25 mL), and the resulting mixture was extracted with DCM
(3 x 25 mL). The combined organic layers were washed with water
(3 x 25 mL) and brine (2 x 25 mL) and then dried with Na,SO,. After
filtration, the filtrate was concentrated under reduced pressure. The
crude product was purified by column chromatography on silica
gel (EtOAc/hexane) to give pure 15a-15f.

2-Methoxybenzo[4,5]thieno[2,3-blquinolin-11-amine (15a):
Brown solid (238 mg, 85 % vyield); m.p. 211-213 °C. R = 0.3 (EtOAc/
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hexane, 2:3). "H NMR (400 MHz, [Dg]DMSO): 6 = 8.56 (d, J = 8.4 Hz,
1H),7.99(d, J =2.0Hz 1 H), 7.84-7.80 (m, 2 H), 7.70 (t, J = 7.2 Hz,
1H), 746 (t, J = 7.6 Hz, 1 H), 7.41 (s, 2 H), 7.11 (dd, J = 9.0, 2.0 Hz,
1 H), 3.94 (s, 3 H) ppm. '3C NMR (100 MHz, [Dg]DMSO): 6 = 164.2,
157.6, 147.9, 147.2, 134.6, 129.7, 127.3, 12.9, 123.1, 122.94, 122.85,
116.0, 112.6, 109.4, 108.6, 55.7 ppm. IR (neat): ¥ = 3493, 3308, 1642,
1574, 1420, 1244, 755 cm~". HRMS (ESI): calcd. for C;H,3N,0S [M +
H]* 281.0749; found 281.0741.

3-Fluorobenzo[4,5]thieno[2,3-blquinolin-11-amine (15b): Brown
solid (209 mg, 78 % yield); m.p. 224-226 °C. R¢ = 0.3 (EtOAc/hexane,
2:3). "TH NMR (400 MHz, [Dg]DMSO): 6 = 8.58-8.52 (m, 2 H), 7.91 (dd,
J=92,24Hz, 1H),783(d, J=84Hz 1H),772(t J=72Hz 1
H), 7.49-7.42 (m, 3 H), 7.36 (td, J = 8.8, 2.4 Hz, 1 H) ppm. *C NMR
(100 MHz, [DgIDMSO): 6 = 163.1, 161.2, 158.8, 147.4, 147.1, 136.6,
136.5, 130.2, 129.7, 127.5, 124.8, 124.7, 123.1, 122.9, 116.1, 112.5,
112.3, 109.9, 109.6, 107.7 ppm. IR (neat): ¥ = 3483, 3318, 1637, 1556,
1271, 745 c¢m~'. HRMS (ESI): calcd. for Cy5H;oFN,S [M + HI*
269.0549; found 269.0543.

2,9-Dimethoxybenzol[4,5]thieno[2,3-blquinolin-11-amine (15c¢):
Off-white solid (248 mg, 80 % yield); m.p. 231-233 °C. Rf = 0.3
(EtOAc/hexane, 2:3). '"H NMR (400 MHz, CD;0D): 0 = 8.23 (d, J =
2.8 Hz, 1 H), 8.19 (d, J = 9.6 Hz, 1 H), 8.14 (m, 1 H), 7.71 (dd, J = 4.0,
24 Hz, 1 H), 7.29 (dd, J = 4.0, 2.4 Hz, 1 H), 4.25 (s, 2 H), 4.01 (s, 3
H), 3.97 (s, 3 H) ppm. '3C NMR (400 MHz, [Dg]DMSO): 6 = 161.0,
160.4, 159.4, 153.1, 135.2, 135.0, 126.4, 126.4, 125.4, 125.1, 119.8,
118.8, 115.3, 111.0, 110.2, 105.4, 57.1, 56.7 ppm. IR (neat): ¥ = 3571,
3051, 1658, 1563, 1463, 1244, 750 cm~' HRMS (ESI): calcd. for
Cy7H15N,0,5 M + HI* 311.0854; found 311.0843.

9-Chloro-3-fluorobenzo[4,5]thieno[2,3-b]quinolin-11-amine
(15d): Brown solid (217 mg, 72 % yield); m.p. 227-229 °C. Rf = 0.3
(EtOAc/hexane, 2:3). 'H NMR (400 MHz, [Dg]DMSO): 6 = 8.71 (s, 1
H), 8.54 (dd, J = 8.8, 5.2 Hz, 1 H), 7.92 (d, J = 8.8 Hz, 1 H), 7.83 (d,
J=88Hz, 1H),7.70(d, J=88Hz, 1 H), 749 (s, 2 H), 7.38-7.34 (m,
1 H) ppm. 3C NMR (100 MHz, [Dg]DMSO): 6 = 163.6, 161.4, 158.9,
146.6, 145.6, 136.8, 136.7, 130.0, 129.81, 129.79, 129.5, 127.7, 125.0,
124.9, 122.0, 116.9, 112.6, 112.4, 109.9, 109.7, 108.2 ppm. IR (neat):
¥ = 3480, 3318, 1596, 1489, 1260, 817 cm™'. HRMS (ESI): calcd. for
Cy5HoCIFN,S [M + H]* 303.0159; found 303.0155.

9-Methoxynaphtho[2’,1:4,5]thieno[2,3-b]lquinolin-7-amine
(15e): Off-white solid (270 mg, 82 % yield); m.p. 189-191 °C. R; =
0.3 (EtOAc/hexane, 2:3). 'TH NMR (400 MHz, [Dg]DMSO): 6 = 8.66 (d,
J =84 Hz 1H), 8.12-8.05 (m, 3 H), 7.90 (s, 1 H), 7.80 (d, J = 8.8 Hz,
1 H), 7.69-7.61 (m, 2 H), 7.39-7.37 (m, 3 H), 3.97 (s, 3 H) ppm. '3C
NMR (100 MHz, [Dg]DMSO): ¢ = 160.3, 155.5, 147.1, 143.0, 131.7,
130.8, 130.76, 129.0, 128.7, 127.7, 127.1, 126.2, 125.3, 124.1, 121.9,
121.8, 116.5, 110.0, 101.7, 55.8 ppm. IR (neat): ¥ = 3480, 3318, 1706,
1507, 1461, 1225, 799 cm~". HRMS (ESI): calcd. for C,oH;5sN,0S [M +
HI* 331.0905; found 331.0905.

1,3-Diphenyl-1H-pyrazolo[3’,4":4,5]thieno[2,3-b]lquinolin-10-
amine (15f): Yellow solid (274 mg, 70 % yield); m.p. 190-192 °C.
R¢ = 0.3 (EtOAc/hexane, 2:3). 'TH NMR (400 MHz, [Dg]DMSO): 6 = 8.23
(d, J =84 Hz, 1 H), 7.89-7.83 (m, 5 H), 7.73-7.72 (m, 4 H), 7.59-7.56
(m, 2 H), 7.47-7.42 (m, 2 H), 6.10 (br. s, 2 H) ppm. 3C NMR (400 MHz,
[Dg]IDMSO): 6 = 167.4, 146.8, 145.6, 142.9, 141.8, 140.3, 131.5, 130.2,
130.1, 129.5, 129.2, 128.4, 127.5, 125.4, 123.5, 122.7, 115.4, 110.9,
101.1 ppm. IR (neat): ¥ = 3463, 3382, 1504, 1455, 1276, 748 cm™".
HRMS (ESI): calcd. for C54H,7N,S [M + H]* 393.1174; found 393.1164.

Supporting Information (see footnote on the first page of this
article): NMR spectra of compounds 4a-4n, 6a-6g and 15a-15f.
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